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1
AIRCRAFT POWER PLANT

TECHNICAL FIELD

The disclosure relates generally to aircrait, and more
particularly to aircrait power plants.

BACKGROUND

It 1s desirable for aircrait engines to operate in an energy
eilicient manner to promote reduced fuel consumption and
operating costs. In aircraft applications, the power output
capacity ol an engine relative to the weight of the engine 1s
an 1mportant factor that can aflect the overall efliciency of
the aircrait since the weight of the engine must be carried by
the aircraft during flight. Aircrait engines can be required to
have a maximum power output rating that can be produced
during short-term (1.e¢., momentary) peak power operation 1n
situations such as during take-off or during emergency
situations. Even though, the long-term continuous operation
of the aircrait engines during a cruise phase of flight, for
example, can be well below such maximum power output
rating, the maximum power output rating can necessitate
increased size and weight of aircrailt engines. Improvement

1s desirable.

SUMMARY

In one aspect, the disclosure describes an aircrait power

plant comprising:

an internal combustion (IC) engine using intermittent
combustion during operation, the IC engine being
drivingly connected to a load to transier motive power
from the IC engine to the load, the IC engine having an
exhaust outlet for discharging a tlow of first exhaust
g4as;

a combustor including: a combustor nlet 1n fluid com-
munication with the exhaust outlet of the IC engine to
receive the flow of first exhaust gas from the IC engine
into the combustor; a fuel 1injector for injecting fuel 1nto
the combustor 1n which the fuel 1s mixed with the first
exhaust gas and i1gnited to generate a flow of second
exhaust gas; and a combustor outlet for discharging the
flow of second exhaust gas; and

a turbocharger associated with the IC engine, the turbo-
charger including: a turbine i1n fluid communication
with the combustor outlet and driven by the flow of
second exhaust gas, the turbine being drivingly con-
nected to the load to transfer motive power from the
turbine to the load; and a compressor drivingly con-
nected to the turbine and driven by the turbine to
compress combustion air for the IC engine.

In another aspect, the disclosure describes an aircraft

engine system comprising:

a Wankel engine drivingly connected to a load to transier
motive power from the Wankel engine to the load, the
Wankel engine having an exhaust outlet for discharging
a flow of exhaust gas from the Wankel engine;

a turbine 1n fluid communication with the exhaust outlet
of the Wankel engine and driven by the flow of exhaust
gas, the turbine being drivingly connected to the load to
transier motive power from the turbine to the load; and

an mter-burner operatively disposed between the Wankel
engine and the turbine to add energy to the tlow of
exhaust gas between the Wankel engine and the turbine.

In a further aspect, the disclosure describes a method of

driving a load onboard an aircrait. The method comprises:
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2

transferring motive power from an internal combustion
(IC) engine to the load, the IC engine using intermittent
combustion during operation;
discharging a flow of first exhaust gas from the IC engine
when transferring motive power from the IC engine to
the load;
recerving the tlow of first exhaust gas from the IC engine
into a combustor;
mixing fuel with the first exhaust gas 1n the combustor and
igniting the fuel to generate a flow of second exhaust
gas;
recerving the tlow of second exhaust gas at a turbine and
driving the turbine with the flow of second exhaust gas
from the combustor; and
transierring motive power from the turbine to the load.
Further details of these and other aspects of the subject
matter of this application will be apparent from the detailed
description included below and the drawings.

DESCRIPTION OF THE DRAWINGS

Reference 1s now made to the accompanying drawings, 1n
which:

FIG. 1 schematically shows an aircraft including a twin-
engine power plant as described herein;

FIG. 2 shows an exemplary schematic representation of
an engine system of the aircraft power plant of FIG. 1;

FIG. 3 1s a flowchart of an exemplary method of driving
a load onboard an aircraft;

FIG. 4 15 a graphical representation of different operating,
regimes of the engine system of FIG. 2 together with
exemplary sizing requirements for elements of the engine
system; and

FIG. § 1s another graphical representation of different
operating regimes of the engine system of FIG. 2 together
with other exemplary sizing requirements for elements of
the engine system.

DETAILED DESCRIPTION

The present disclosure describes aircrait power plants,
engine systems, and associated methods. In various embodi-
ments, aircraft power plants described herein may be con-
figured to provide momentary supplemental power output
without necessitating significant size or weight increase of
the aircrait power plants. For example, the aircraft power
plants described herein may include an internal combustion
(IC) engine with one or more associated systems such as a
liquid cooling system, an o1l cooling system, and bearings
that are sized according to a power output capacity of the IC
engine. In some embodiments, the momentary supplemental
power output capacity of the power plant may be provided
via a combustor (1.e., mter-burner) in which fuel may be
mixed with exhaust gas from the IC engine, and the mixture
may be 1gnited to generate supplemental power that may be
extracted via a turbine and used when needed. In some
embodiments, the combustor may provide momentary
supplemental power output capacity for the power plant as
a whole without increasing the power output capacity of the
IC engine, the size and weight the (e.g., liquid cooling)
systems of the IC engine, and bearings of the IC engine.
Accordingly, the IC engine and 1ts associated systems may
be sized and designed for eflicient operation during long-
term continuous operation of the aircraft power plant during
a cruise phase of flight for example, and the supplemental
power output capacity may be provided by selectively
activating the combustor when needed.
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Aspects of various embodiments are described through
reference to the drawings.

The term “connected” may include both direct connection
(where two elements contact each other) and indirect con-
nection (where at least one additional element 1s located
between the two elements).

The term “substantially” as used herein may be applied to
modily any quantitative representation which could permis-
s1bly vary without resulting 1n a change 1n the basic function
to which 1t 1s related.

FIG. 1 schematically shows aircraft 10 including aircraft
power plant 12 (referred hereinafter as “power plant 12”) as
described herein. In various embodiments, aircraft 10 may
be a manned aircraft or an unmanned aircraft (e.g., drone).
For example, aircrait 10 may be a corporate, private, fixed-
wing, rotary-wing (e.g., helicopter) or commercial passen-
ger aircraft. In some embodiments, power plant 12 may be
part of a propulsion system of aircraft 10. Power plant 12
may be drivingly connected to one or more loads 14 (re-
terred hereinafter in the singular) via output shait 16. In
some embodiments, load 14 may include a propeller con-
figured to generate thrust and/or lift for aircraft 10. In some
embodiments, load 14 may include a rotary wing (e.g., main
rotor) of a helicopter or other type of rotorcraft. In some
embodiments, power plant 12 may provide energy for pro-
pelling aircraft 10, and optionally also provide energy to
drive loads for functions other than propulsion such as
driving a compressor supplying compressed air to pneumatic
loads, driving an electric generator supplying electric energy
to electric loads, driving an o1l pump supplying o1l to
lubrication loads, and/or driving a hydraulic pump supplying
pressurized hydraulic fluid to hydraulic actuators. Alterna-
tively, power plant 12 may be an auxiliary power unit (APU)
of aircraft 10 and may provide energy exclusively for
functions other than propulsion of aircraft 10.

Aircraft power plant 12 may include a single engine
system 18A, or a plurality of engine systems 18A, 18B. For
example, power plant 12 may be a multi-engine system (e.g.,
twin-pack power plant) including first engine system 18A
and second engine system 18B. Control of first and second
engine systems 18A, 18B may be eflected by one or more
controller(s) 20, which may be one or more tull authority
digital engine control(s) (“FADEC(s)”), electronic engine
controller(s) (EEC(s)), or the like, that are programmed to
manage the operation of engine systems 18A, 18B during
various phases of flight of aircraft 10 to reduce an overall
tuel burn for example. Controller(s) 20 may include a first
controller for controlling first engine system 18A and a
second controller for controlling second engine system 18B.
In some embodiments, a single controller 20 may be used for
controlling first engine system 18A and second engine 18B.

Power plant 12 may be operable so that engine systems
18A, 18B may be operated symmetrically or asymmetri-
cally, with one engine system operating in a high-power
“active” mode and the other engine system operating in a
lower-power (which could be no power, in some cases)
“standby” mode. Doing so may provide fuel saving oppor-
tunities to aircrait 10. However there may be other reasons
why engine systems 18A, 18B may be operated asymmetri-
cally. Such asymmetric operation of engine systems 18A,
18B may be engaged for a cruise phase of flight (continuous,
steady-state flight which 1s typically at a given commanded
constant aircrait cruising speed and altitude) for example.
Power plant 12 may be used 1n aircrait applications but may
also be suitable for marine, industrial and/or other ground
operations.
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In use, first engine system 18A may operate in the active
mode while second engine system 18B may operate in the
standby mode. During this asymmetric operation, 1f the
helicopter needs a power increase (expected or otherwise),
second engine system 18B may be required to provide more
power relative to the low power conditions of the standby
mode, and possibly return immediately to a high- or full-
power condition. This may occur, for example, during
take-ofl or 1n an emergency condition where the “active”
first engine system 18A loses power. Even absent an emer-
gency, 1t may be desirable to repower the standby engine to
exit the asymmetric mode 1n some situations.

First and second engine systems 18A, 18B may be driv-
ingly connected to load 14 via gearbox 22, which may be of
a speed-changing (e.g., reducing) type. For example, gear
box 22 may have a plurality of mputs to receive motive
power (mechanical energy) from respective shafts of engine
systems 18A, 18B. Gear box 22 may be configured to direct
at least some of the combined motive power from the
plurality of engine systems 18A, 18B toward common
output shaft 16 for driving load 14 at a suitable operating
(e.g., rotational) speed.

FIG. 2 shows an exemplary schematic representation of
first engine system 18A of power plant 12 shown 1n FIG. 1.
In some embodiments, first engine system 18A and second
engine system 18B of power plant 12 may be of substantially
identical construction, and may have substantially identical
power output ratings. Alternatively, in some embodiments,
first engine system 18A and second engine system 18B may
be of different constructions and may have different power
output ratings.

First engine system 18 A may include internal combustion
(IC) engine 24 using intermittent combustion during opera-
tion. IC engine 24 may be of a type other than a gas turbine
engine. For example, I1C engine 24 may be of a type where
the exhaust gas from IC engine 24 produces no significant
thrust for propelling aircraft 10. Such IC engine 24 with
intermittent combustion may be a reciprocating engine such
as piston engine, or a pistonless rotary (e.g., Wankel) engine
where heat 1s added at substantially constant volume 1n the
thermodynamic cycle. In some embodiments, IC engine 24
may include a Wankel engine using an eccentric rotary
design to convert pressure into rotating motion. In some
embodiments, IC engine 24 may of a type described i U.S.
Pat. No. 10,107,195 (Iitlez COMPOUND CYCLE
ENGINE), the entire contents of which are incorporated by
reference herein. In some embodiments, IC engine 24 may
operate on a mixture of relatively heavy fuel (e.g. diesel,
kerosene (jet fuel), equivalent biofuel) and air.

IC engine 24 may drive engine output shaft 26, which
may be drivingly connected to load 14 to transfer motive
power from IC engine 24 to load 14. Load 14 may include
main rotor 27 of a helicopter. IC engine 24 may include
combustion chamber 28 including one or more fuel injectors
30A (referred heremaftter in the singular) for delivering tuel
WF1 mto combustion chamber 28. Fuel WF1 may be mixed
with air in combustion chamber 28 and 1gnited to generate
a flow of first exhaust gas. The flow of first exhaust gas may
be discharged from exhaust outlet 32 of IC engine 24.
Exhaust outlet 32 may be an outlet of combustion chamber
28.

In some embodiments, IC engine 24 may be turbocharged
by way of optional turbocharger 34. Turbocharger 34 may
include compressor 36 and turbine 38 which may be driv-
ingly interconnected via turbine shait 40 so that compressor
36 may be driven by turbine 38. Compressor 36 and turbine
38 may each be a single-stage device or a multiple-stage
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device with a single shaft, or split on multiple independent
shafts 1n parallel or in series, and may be a centrifugal, axial
or mixed device. Compressor 36 of turbocharger 34 may
receive (e.g., ambient) air and compress the air to be
supplied as combustion air to IC engine 24. The ambient air
may be received via ambient air inlet 42 and optional
variable-orientation guide vanes 44A that may guide the
flow of ambient air being delivered to compressor 36 to
promote a desirable operation of compressor 36 at diflerent
operating conditions. In some embodiments, the compressed
air from compressor 36 may be passed through intercooler
46. Intercooler 46 may include a suitable (e.g., air to air) heat
exchanger that may facilitate heat transier from the com-
pressed air to ambient air or to another fluid to remove some
of the heat added to the compressed air during compression,
and promote a desirable operation of IC engine 24.

Turbine shaft 40 of turbocharger 34 may be drivingly
connected to load 14 via output shait 16, gearbox 22, and
optional variable speed transmission 48A so that motive
power extracted by turbine 38 may be transierred to load 14.
Variable speed transmission 48 A, may permit motive power
to be transmitted from turbine shatt 40 to load 14 at varying,
relative rotational speeds between turbine shait 40 and load
14. In some embodiments, variable speed transmission 48A
may be a continuously variable transmission (CV'T) that can
change seamlessly and continuously through a range of gear
rati0s. Turbine shaft 40 of turbocharger 34 may optionally be
drivingly connected to one or more auxiliary loads 14A,
directly, via a clutch, via a gearbox, and/or via another or the
same variable speed transmission 48 A, so that motive power
may be transierred from turbine 38 to auxiliary load(s) 14 A.
Such auxiliary load(s) 14 A may include an electric genera-
tor, an o1l pump of a lubrication system, and/or a hydraulic
pump of a hydraulic system for example.

In some embodiments, IC engine 24 may be liquid cooled
using suitable coolant fluid (e.g., a solution of a suitable
organic chemical such as ethylene glycol, diethylene glycol,
or propylene glycol 1n water). For example, heat generated
by IC engine 24 may be transierred to a suitable coolant tluid
(e.g., liquid) circulating into IC engine 24, and carried out of
IC engine 24 by the coolant flud. Heat may then be rejected
by the coolant fluid via coolant heat exchanger 50 (referred
heremnafter as “coolant HX 50°”), which may promote heat
transier from the coolant fluid to ambient air. The ambient
air may be driven through coolant HX 50 by fan 52. Fan 52
may be configured and positioned to pull or push the
ambient air through coolant HX 50. In some embodiments,
fan 52 may be mechanically driven by engine output shait 26
either directly or via variable speed transmission 48B which
may be a CV'T for example. However, fan 52 could instead
be driven by other means such as an electric motor or a
hydraulic motor for example. In some embodiments, vari-
able-orientation guide vanes 44B may guide the flow of
ambient air being delivered to fan 52 to promote a desirable
operation of fan 52 at different operating conditions.

Some heat generated by IC engine 24 may also be
transierred to a suitable lubricating fluid (e.g., o1l) circulat-
ing into IC engine 24, and carried out of IC engine 24 by the
lubricating flmd. Heat may then be rejected by the lubricat-
ing fluid via o1l heat exchanger 54 (referred hereinafter as
“o11 HX 54”), which may promote heat transier from the
lubricating fluid to ambient air. The ambient air may be
driven through o1l HX 354 by fan 52 or another fan. Fan 52
may be configured and positioned to pull or push the
ambient air through o1l HX 54.

First engine system 18A may include combustor 356
operatively disposed between IC engine 24 and turbine 38 of
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turbocharger 34. Combustor 56 may be operated as an
inter-burner as needed when supplemental power output
capacity from first engine system 18A 1s required. When the
supplemental power output capacity from first engine sys-
tem 18A 1s not required, combustor 56 may be 1nactive and
the first exhaust gas discharged from exhaust outlet 32 of IC
engine 24 may be directed to turbine 38 and may drive
turbine 38. In other words, turbine 38 may extract motive
power from the first exhaust gas discharged from exhaust
outlet 32. During this mode of operation, the first exhaust
gas discharged from exhaust outlet 32 may pass through
combustor 56 while combustor 56 1s mnactive (1.e., unlit). In
some embodiments, IC engine 24 may provide a pulsating
exhaust gas flow out of exhaust outlet 32.

Combustor 56 may include combustor inlet 58 m fluid
communication with exhaust outlet 32 of IC engine 24 to
receive the flow of first exhaust gas from IC engine 24 1nto
combustor 56. Combustor 56 may be disposed outside and
downstream of combustion chamber 28 of IC engine 24.
Combustor 56 may be disposed outside of IC engine 24. In
some operating conditions, the air-fuel mixture that 1s
burned 1n combustion chamber 28 of I1C engine 24 may have
an air-fuel ratio that 1s higher than stoichiometric (i.e., lean),
and the resulting first exhaust gas discharged from exhaust
outlet 32 may contain suilicient oxygen to sustain subse-
quent combustion 1n combustor 56 1n order to generate the
supplemental power output capacity of first engine system
18A. In some embodiments, first engine system 18A may
include one or more valves 60 that are operatively disposed
to permit compressed air produced by compressor 36 to be
selectively 1njected into the first exhaust gas discharged
from exhaust outlet 32. Valve(s) 60 may include a three-way
valve configured to permit a portion of the compressed air
from compressor 36 to be delivered to intercooler 46, and
another portion of the compressed air from compressor 36 to
be 1njected 1to the first exhaust gas downstream of exhaust
outlet 32. In some situations, the additional air may be added
to the first exhaust gas if required to facilitate subsequent
combustion 1n combustor 56, or to help/facilitate the (e.g.,
surge iree) operability of compressor 36 under certain oper-
ating conditions.

Combustor 56 may include one or more fuel injectors 30B
for injecting fuel into combustor 56 where the fuel 1s mixed
with the first exhaust gas discharged from exhaust outlet 32,
and 1gnited for generating a flow of second exhaust gas
containing a greater amount of energy. The number and
configuration of fuel mjector(s) 30B may be selected to
provide adequate priming and fuel delivery to combustor 56
in order to provide an acceptable activation/response time 1n
case ol an emergency situation for example. In some
embodiments, the temperature of first exhaust gas entering
combustor 56 may be sufliciently high so that 1gnition of the
fuel 1njected 1into combustor 56 via injector(s) 30B may be
automatic. In some embodiments, combustor 356 may
include one or more igniters to facilitate the ignition of
combustor 56.

Combustor 56 may include combustor outlet 62 for dis-
charging the tlow of second exhaust gas from combustor 56.
Turbine 38 may be 1n fluid communication with combustor
outlet 62 and be driven by the tlow of second exhaust gas.
In other words, turbine 38 may convert energy from the tlow
of second exhaust gas into motive power that can be used to
drive compressor 36, load 14 and/or auxiliary load(s) 14A.
The flow of second exhaust gas flowing through turbine 38

may then be discharged from first engine system 18A via
exhaust duct 64 and mutiler 66.
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FIG. 3 1s a flowchart of an exemplary method 100 of
driving a load (e.g., load 14 and/or auxiliary load 14A)
onboard aircrait 10. Method 100 may be performed using
first engine system 18 A and/or using second engine system
18B described herein or using other engine system(s).
Aspects of power plant 12 and of {first engine system 18A
may be incorporated into method 100. Aspects of method
100 may be combined with other steps or actions disclosed
herein. In various embodiments, method 100 may include:
transferring motive power from IC engine 24 to load 14
(block 102);

discharging a tlow of first exhaust gas from IC engine 24
when transierring motive power from IC engine 24 to
load 14 (block 104);

receiving the flow of first exhaust gas from IC engine 24
into combustor 56 (block 106);

mixing fuel WF2 with the first exhaust gas in combustor
56 and 1gniting the fuel WF2 to generate a tlow of
second exhaust gas (block 108);

receiving the flow of second exhaust gas at turbine 38 and
driving turbine 38 with the flow of second exhaust gas
from combustor 56 (block 110); and

transferring motive power from the turbine to the load

(block 112).

Method 100 may include transierring motive power from
turbine 38 to compressor 36 of turbocharger 34 to drive
compressor 36. Compressor 36 may compress ambient air
and the compressed air may be delivered to IC engine 24 and
used as compressed air by IC engine 24.

In some embodiments of method 100, load 14 may
include main rotor 27 of a helicopter.

In some embodiments of method 100, combustor 56 may
be used during momentary peak power operation only when
the supplemental power output capacity beyond that of IC
engine 24 1s required from first engine system 18A or from
second engine system 18B. Such momentary peak power
operation may be performed during a takeoil phase of tlight
of aircraft 10, and/or during an emergency situation for
example. Accordingly, method 100 may, after the momen-
tary peak power operation, include:

ceasing to mix tuel WEF2 with the first exhaust gas and

igniting the fuel WF2 1n combustor 56 to generate a
flow of second exhaust gas;

receiving the tlow of first exhaust gas at turbine 38 and

driving turbine 38 with the flow of first exhaust gas; and

transferring motive power from turbine 38 to load 14

and/or to compressor 36 of turbocharger 34 associated
with IC engine 24.

When ceasing to mix fuel WE2 with the first exhaust gas
inside of combustor 56, fuel flow to combustor 56 via fuel
injector(s) 308 may be stopped. The tlow of first exhaust gas
may ftlow through combustor 56 while combustor 56 1s
iactive. In order to prevent coking of residual fuel WE2
inside of fuel 1injector(s) 30B, a suitable forward or reverse
tuel purging procedure may be implemented in order to clear
fuel 1njector(s) 30B of residual fuel WF2. For example,
compressed air may be directed into fuel 1injector(s) 30B 1n
order to push the residual tuel WE2 into combustor 56 after
the delivery of tuel WEF2 to fuel mjector(s) 30B has been
stopped. Alternatively, a reverse purging procedure may be
implemented to withdraw residual fuel WF2 from {fuel
injector(s) 30B and collect the residual fuel WE2 1nto a
suitable reservorr.

FI1G. 4 1s a graphical representation of different operating,
regimes of first engine system 18A together with exemplary
s1Zzing requirements for elements of first engine system 18A.
First engine system 18A may be arranged in a turboshatt
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setup 1n a twin-engine helicopter. First engine system 18A
may be designed for a 130% maximum shait horsepower
(SHP) capability where 0% SHP corresponds to a ground
idle (GI) power rating, 60% SHP corresponds to a long range
cruise (LRC) power rating, and 100% SHP corresponds to
the required takeofl (TO) power rating. FIG. 4 also shows a
location of a tlight i1dle (FI) power rating disposed between
GI and LRC. FIG. 4 also shows a location of a maximum
cruise (MCR) power rating disposed between LRC and TO.

FIG. 4 shows three operating regimes of first engine
system 18 A disposed along a power output scale expressed
in % SHP extending from 0% to 130%. First regime R1 may
correspond to a relatively low power/transient operation
where the operability (e.g., no compressor surge) may be a
key objective and specific tuel consumption (SFC) may be

less important. During first regime R1, the SHP delivered to
load 14 may be provided by IC engine 24 with fuel WF1

being delivered to combustion chamber 28, and with com-
bustor 56 being imactive where fuel WEF2 1s not being
delivered to combustor 36.

Second regime R2 may correspond to normal day-to-day
operation where all engines of aircrait 10 are operative.
Obtaining a favorable SFC may be a key objective 1n second
regime R2. During second regime R2, the SHP delivered to
load 14 may be provided by IC engine 24 with fuel WF1
being delivered to combustion chamber 28, and with com-
bustor 56 being imactive where fuel WEF2 1s not being
delivered to combustor 36.

Third regime R3 may correspond to an emergency con-
dition such as when second engine system 18B 1s mopera-
tive (1.e., “one engine 1noperative” or “OEI”) for example,
and first engine system 18A must provide supplemental
power output. During third regime R3, obtaining the
required SHP output from first engine system 18A may be a
key objective and SFC may be less important. During third
regime R3, the SHP delivered to load 14 may be provided by
IC engine 24 with fuel WF1 being delivered to combustion
chamber 28, and also with combustor 56 being active where
tuel WEF2 1s being delivered to combustor 56 as well. The
supplemental power output required from first engine sys-
tem 18A may be beyond what IC engine 24 alone 1s capable
of providing. Accordingly, the supplemental power output
may be provided by way of combustor 56.

FIG. 4 also indicates sizing requirements for various
components of {irst engine system 18A. As explained above
the archutecture of first engine system 18A may make the
supplemental power output capacity available without incur-
ring significant size or weight penalty for {irst engine system
18A. A maximum power output capacity of first aircraift
engine system 18A may be greater than a maximum output
power capacity of IC engine 24. For example, the supple-
mental power capacity may be provided separately from IC
engine 24 so that the power output capacity of IC engine 24
may be left intact. Consequently, the bearing loads of IC
engine 24, and the size and weight of the (e.g., liquid-
cooling, o1l cooling) systems of I1C engine 24 also may not
need to be increased. In other words, IC engine 24 and 1its
associated systems may be designed and sized to function
cllectively and efliciently in first regime R1 and second
regime R2 between 0% SHP and 100% SHP. First engine
system 18A may nevertheless provide the supplemental
power output capacity using combustor 56 when required.
Accordingly, as shown 1 FIG. 4, several components of
engine system 18A may only need to be sized for 100% SHP
(1.e., TO rating) while only some components ol engine
system 18A may required to be sized for 130% SHP.
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The upsizing of muiller 66 may be optional since mufiler
66 could potentially be bypassed during the momentary
operation 1n third regime R3. Variable speed transmission
48A and gearbox 22 may be designed for 100% SHP but
may also have the capacity to momentarily operate at 130%
SHP with some design adjustments (if required).

FIG. 5 1s another graphical representation of diflerent
operating regimes of first engine system 18A together with
exemplary sizing requirements for elements of first engine
system 18A. First engine system 18A may be arranged 1n a
turboshaft setup 1n a twin-engine helicopter. First engine
system 18A may be designed for a 115% maximum SHP
capability where 0% SHP corresponds to a GI power rating,
60% SHP corresponds to a LRC power rating, and 100%
SHP corresponds to the required TO power rating. FIG. 5
also shows a location of a FI power rating between GI and
LRC. FIG. § also shows a location of a MCR power rating
at 85% SHP.

FIG. 5 shows three operating regimes of first engine
system 18 A disposed along a power range scale expressed 1n
% SHP extending from 0% to 113%. First regime R1 may
correspond to a relatively low power/transient operation
where the operability (e.g., no compressor surge) may be a
key objective and specific fuel consumption (SFC) may be
less important. During first regime R1, the SHP delivered to
load 14 may be provided by IC engine 24 with fuel WF1
being delivered to combustion chamber 28, and with com-
bustor 56 being inactive where fuel WEF2 1s not being
delivered to combustor 36.

Second regime R2 may correspond to normal day-to-day
operation (other than TO) where all engines of aircrait 10 are
operative and obtaining a favorable SFC may be a key
objective. During second regime R2, the SHP delivered to
load 14 may be provided by IC engine 24 with fuel WF1
being delivered to combustion chamber 28, and with com-
bustor 56 being inactive where fuel WF2 i1s not being
delivered to combustor 36.

Third regime R3 may include the TO rating (100% SHP)
and also an emergency condition beyond the TO rating such
as when second engine system 18B 1s inoperative (1.e., “one
engine moperative” or “OEI”) for example, and {irst engine
system 18A must provide supplemental power output. Dur-
ing third regime R3, obtaining the required SHP output from
first engine system 18A may be a key objective and SFC
may be less important. During third regime R3, the SHP
delivered to load 14 may be provided by IC engine 24 with
tuel WEF1 being delivered to combustion chamber 28, and
with combustor 56 being active where fuel WE2 i1s being
delivered to combustor 56. The supplemental power output
required from first engine system 18A between 85%-115%
SHP may be beyond what IC engine 24 alone 1s normally
capable of providing. Accordingly, the supplemental power
output may be provided by way of combustor 56.

Compared to FIG. 4, the engine configuration represented
in FIG. 5 may provide a lower maximum SHP but may ofler
better SFC when operating at LRC (~60% SHP) with a
smaller compressor 36 and smaller fuel injector(s) 30A, both
designed for MCR rating of 85% SHP. In other words, the
engine configuration represented 1n FIG. 4 may be designed
for a higher maximum SHP (1.¢., +30% over the TO rating),
with relatively good LRC SFC. On the other hand, the
engine configuration represented 1 FIG. 5 may be designed
tor better LRC SFC, with lower maximum SHP (i.e., +15%
over the TO rating).

FIG. 5 also indicates sizing requirements for various
components of first engine system 18A. As explained above
the architecture of first engine system 18A may make the
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supplemental power output capacity available without incur-
ring significant size or weight penalty for first engine system
18A. For example, the supplemental power capacity may be
provided separately from IC engine 24 so that the power
output capacity of IC engine 24 need not be increased.
Consequently, IC engine 24 and 1ts associated systems may
be designed and sized to function eflectively and efliciently
in first regime R1 and second regime R2 between 0% SHP
and 85% SHP. First engine system 18A may nevertheless
provide the supplemental power output capacity using com-
bustor 56 when required. Accordingly, as shown 1n FIG. 5,
some components may only need to be sized for 85% SHP
(1.e., MCR rating), some components may need to be sized
for 100% SHP (1.e., TO rating), and some components may
require to be sized for 115% SHP.

The upsizing of muiller 66 may be optional since mutiler
66 could potentially be bypassed during the momentary
operation beyond 100% SHP. Variable speed transmission
48A and gearbox 22 may be designed mainly for 100% SHP
but may also have the capacity to momentarily operate at
115% SHP with some design adjustments (if required).
Similarly, components and systems associated with IC
engine 24 may be designed mainly for 85% SHP but may
also have the capacity to momentarily operate at 100% SHP
to handle the TO phase with some design adjustments (if
required). In reference to FIG. 5, combustor 56 may be used
between 85 and 115% SHP. Fuel Injector(s) 30A for inject-
ing WF1 into IC engine 24 may be sized/optimized to cause
IC engine 24 to deliver 85% SHP. The extra output power
beyond 85% SHP may then come solely from the use of fuel
injector(s) 30B and combustor 56. Some components such
as 1C engine 24, gearbox 22, variable speed transmission
48A, and optionally exhaust duct 64, and muiller 66 may
still need to be sized for 100% SHP to provide an adequate
durability to permit IC engine 24 to be operated continu-
ously at 85% SHP (MCR) for example.

The embodiments described in this document provide
non-limiting examples of possible implementations of the
present technology. Upon review of the present disclosure,
a person ol ordinary skill in the art will recognize that
changes may be made to the embodiments described herein
without departing from the scope of the present technology.
Modifications could be implemented by a person of ordinary
skill 1n the art mn view of the present disclosure, which
modifications would be within the scope of the present
technology.

What 1s claimed 1s:

1. An aircraft power plant comprising:

an internal combustion (IC) engine using intermittent
combustion during operation, the IC engine being
drivingly connected to a load via a gearbox to transfer
motive power from the IC engine to the load, the IC
engine having an exhaust outlet for discharging a flow
of first exhaust gas;

a combustor including:

a combustor inlet 1 fluild communication with the
exhaust outlet of the IC engine to receive the flow of
first exhaust gas from the IC engine into the com-
bustor:

a fuel 1mjector for mjecting fuel into the combustor 1n
which the fuel 1s mixed with the first exhaust gas and
1gnited to generate a flow of second exhaust gas; and

a combustor outlet for discharging the flow of second
exhaust gas;

a turbocharger associated with the IC engine, the turbo-
charger including:
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a turbine 1n fluid communication with the combustor
outlet and driven by the flow of second exhaust gas,
the turbine being drivingly connected to the load to
transier motive power from the turbine to the load;
and

a compressor drivingly connected to the turbine and
driven by the turbine to compress combustion air for
the IC engine; and

a continuously variable transmission, the turbine being

drivingly connected to the load via the continuously

variable transmission and the gearbox.

2. The aircrait power plant as defined 1n claim 1, com-
prising a shait drivingly connecting the turbine and the
compressor, the turbine being drivingly connected to the
load via the shatt.

3. The aircrait power plant as defined in claim 1, wherein:
the IC engine mcludes a combustion chamber; and
the exhaust outlet of the IC engine 1s configured to

discharge the flow of first exhaust gas from the com-

bustion chamber of the IC engine.

4. The arrcraft power plant as defined in claim 1, wherein
the IC engine 1s a Wankel engine.

5. The aircraft power plant as defined 1n claim 1, com-
prising a liquid cooling system for cooling the IC engine, the
liquid cooling system including:

a heat exchanger to promote heat transfer from a coolant

fluid carrying heat from the IC engine to ambient air;

and
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a fan mechanically driven by the IC engine via a variable
speed transmission to drive the ambient air through the
heat exchanger.

6. The aircrait power plant as defined 1n claim 1, wherein:

the IC engine 1s a first IC engine; and

the aircrait power plant includes a second IC engine
drivingly connected to the load.

7. A helicopter comprising the aircrait power plant as

defined 1n claim 6, wherein the load includes a main rotor of

the helicopter.

8. An aircralt comprising the aircraift power plant as
defined 1n claim 1.

9. The aircraft power plant as defined 1n claim 1, com-
prising variable-orientation guide vanes configured to guide
a flow of ambient air being delivered to the compressor.

10. The aircrait power plant as defined mm claim 1,
comprising a muiller in fliud communication with the tur-
bine to permit the flow of second exhaust gas flowing
through the turbine to be discharged via the mufller.

11. The aircraft power plant as defined i claim 1,
comprising an intercooler disposed between the compressor
and the IC engine to remove heat added to the combustion
air by the compressor.

12. The aircrait power plant as defined mn claim 3,
comprising variable-orientation guide vanes guiding a tlow
of ambient air being delivered to the fan.

G o e = x
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